The Hymenoptera (Aculeata) fauna was studied in birch stands (Betula pendula Roth) of colder areas of Northern Bohemia using the method of Moericke's yellow traps. Altogether 159 species were trapped; the most important were Andrena lappona, Vespula vulgaris, Halictus sp., Trypoxylon minus and Vespula rufa. Only 12.7% of the species are widely spread in this ecosystem type. In 1990 In -1994 In -1999 we compared the abundance of the fauna and discovered that many species of the families Apidae and Sphecidae receded from the birch stands due to changing site conditions (light, weed infestation).
Birch (Betula pendula Roth) stands have been a substitute forest community for dead spruce stands in the air-polluted area of Northern Bohemia since 1980. The fauna of this area has been the object of long-term investigations in the Děčín Sandstone Uplands. In this area we collected 861 species of moths (KULA 1997a) ; in addition, the crown fauna of birch includes 119 species of caterpillars (KULA 1997b) and 71 species of bugs (KULA 1999) . The epigeal fauna consists of a great range of rove beetles (KULA 1991) , ground beetles (KULA 1992) and spiders (KULA 1997d) . The method of Moericke's yellow traps is very efficient for capturing dipterans and hymenopterans and enabled to document as many as 175 species of hoverflies (syrphids) (KULA 1997c; KULA, SCHOLZ 1995; KULA, LÁSKA 1997) .
The Hymenoptera (Aculeata) are a very numerous group of insects. The fauna of Bohemia counts 838 species (PÁDR 1989 ) that play an important role not only as pollinators but also in particular as a component of the spectrum of natural enemies of pests and regulators of the equilibrium in forest ecosystems. Spider wasps (Pompiloidea) and digger wasps (Sphecoidea) are predators, and ruby wasps (Chrysidoidea), bethylid wasps (Bethyloidea) are parasitoids that frequently escape attention although they are important.
The attention of the majority of authors was focused on warmer localities of Bohemia that have a greater and more interesting range of fauna (BALTHASAR 1954 (BALTHASAR , 1972 KOCOUREK 1966) , in contrast to localities where the climate is colder and more humid (TYRNER 1988 (TYRNER , 1995 .
The objective of the present study is to document the abundance and importance of the Aculeata fauna in birch stands.
MATERIAL AND METHODS
The Hymenoptera (Aculeata) fauna was collected in three birch (Betula pendula Roth) stands in the Děčín Sandstone Uplands (DSU) -forest district Sněžník (FD Sněžník) using the method of Moericke's yellow traps (diameter 23 cm, depth 8 cm). The yellow traps were placed inside the stand in two parallel rows 50 m apart, alternatively placed low and high above the ground (0.3 and 1.3 m, respectively). The medium was 1% formaldehyde, which prevented algae to grow and reduced the attractiveness of the captured insects for the birds, and a wetting agent. The low and high traps were controlled separately in 7-day intervals in the period from 15 April to 15 October 1990 15 October -1999 P. Tyrner carried out the determinations of the collected material; J. Straka determined some of the species of the family Pompilidae, and for this we render our sincere thanks. The material was preserved in 70% ethanol and is stored in the depositaries of the Faculty of Forestry and Wood Technology of Mendel University of Agriculture and Forestry in Brno, the prepared part (300 ex) is stored in P. Tyrner's collection (Litvínov) .
A larger part of the area of Sněžník forest district (14°04´ E, 50°46´ N), a part of the Děčín Sandstone Uplands that links up with the eastern part of the Krušné hory Mts. (Northern Bohemia), is situated on an upland plateau at an altitude of 450-700 m, mountainous climate, annual temperatures 6-7°C, annual sum of precipitation 700-800 mm, vegetation period 110-120 days (average daily temperatures higher than 15°C). The area has been affected by air-pollutants for a long period. One of the main pollutants was SO 2 (in 1969-1987 the annual concentrations of SO 2 exceeded 60 µg/m 3 ) (TŮMA 1988) .
Investigations were carried out in three birch stands of the 1 st age class (0-20 years) (Tisá, Letadlo "A", Vlčák). The birch stands have a different altitude, exposure, degree of weed infestation, type of soil preparation before the establishment of stands by seeding or planting, class of air pollution hazard (A) by long-term load of more than 60 µg/m 3 SO 2 per year, spruce longevity 20 years or (B) the same long-term load of SO 2 , better ecological conditions, spruce longevity 20-40 years. 1. Letadlo "A" locality (A). The birch stand was established in 1983 without soil preparation, with an admixture of planted larch and blue spruce; closed; locally dense. The stand is situated on a south-eastern long, warm, stony slope (altitude of 440-500 m), full-area weed infestation with Avenella flexuosa (L.) Pirl., Calamagrostis villosa (Chaix.) Gmel. and Vaccinium myrtillus L. Area of air pollution hazard, degree B, acidic spruce-beech forest type. Wrong tending practices resulted in slow birch regeneration and increased the stand density. 2. Tisá locality (T). The birch stand was established in 1980 by planting after full-area bulldozer preparation and is situated on the upland plateau at an altitude of 600 m, in the area of air pollution hazard, degree A, in the acidic spruce-beech forest type. After the stand closed, tending was carried out (1993) . Degree of weed infestation: 100% (A. flexuosa 20%, C. villosa 70%, Calluna vulgaris (L.) Hull. 10%). 3. Vlčák locality (V). The birch stand was established in 1980 by seeding without previous soil preparation on a moderate north-western slope (altitude of 450 m); area of air pollution hazard, degree B, acidic spruce-beech forest type; stand with locally dense growth where full-area tending was carried out in 1995; 100% herb cover with A. flexuosa, C. villosa and Carex brizoides L.
RESULTS AND DISCUSSION
In 1990-1999 we collected 9,529 specimens of 159 species in the birch stands; Andrena lapponica (14.34%), Vespula vulgaris (18.72%) and genus Halictus (30.13%) were eudominant. There were no dominant species, but Trypoxylon minus (4.17%) and V. rufa (2.38%) had a subdominant status. Eight species were classified to the category of receding species (Table 1) . The fauna in the spruce stands was not so abundant (only 102 species) and the representation of some species was different (KULA, TYRNER 2000) .
The species diversity in the localities with birch stands was considerably different. Only 66 species were captured in Vlčák locality; in the 5-year periods we compared (1990-1994 and 1995-1999) we saw only a slight decrease from 49 species to 42, and we discovered that a half of the species (i.e. 33) appeared in both studied periods. The Aculeata fauna of the birch stands of Tisá locality consisted of 91 species, the numbers slightly decreasing from 66 species to 61, but only 34 species (i.e. 37.4%) were trapped repeatedly in the second 5-year period. The most abundant fauna was discovered at the warmest site with higher diversity of woody species inside the stand and in the surroundings. Out of the total 159 species, only 141 species were captured in the first half of the investigations; in the following 5-year period it was by 19 species less, in spite of the fact that this area is the most stable because 87 species were common to both periods (i.e. 61.7%).
The bee Andrena lapponica belongs to the most numerous genus Andrena; it makes its nests in the surface layers of soil, very frequently among the vegetation and is not particular about the substrate quality. In the period of investigations it was a eudominant species, with the exception of 1993 (3.6%), 1995 (6.9%) and 1998 (8.8%); every 2 nd to 3 rd year the culmination in dominance followed and immediately after it its abundance greatly declined. Even though the absolute captures were the highest in Tisá and Letadlo "A" localities, its dominance in the Aculeata fauna was balanced, with the exception of 1995-1999 in the Tisá stand (Table 1) . Since this species is heliophilic, it appeared in the closed spruce stands only as a receding species (1.92%) (KULA, TYRNER 2000) . The abundance of this species is also limited by the amount of nutrient plants (Vaccinium sp.) available in birch stands.
Out of the 24 species of the genus Andrena, three species (A. nitida, A. subopaca and A. clarkella) receded from the biotope; in 1990-1994 A. clarkella was a subdominant species in Tisá locality (2.68%). In spruce stands the spectrum of this genus was limited to 17 species, the abundance of A. fucata and A. nitida being higher (KULA, TYRNER 2000) . As a receding species Andrena bicolor reached a dominant status in 1996 and 1999 (7.3% and 7.9%, respectively).
The status of bees of the genus Halictus that make their nests especially in sandy and loess soil, in sand, even in the compact soil of roads, among the Apocrita fauna, was permanently eudominant with frequent culminations (1992, 1994, 1997, 1999) . In the stand of Tisá locality they made up more than a half of the Aculeata fauna (53.83%). In the second half of the 1990s they generally receded Table 1 . Summary of the abundance of the Aculeata specimens in birch stands captured in Moericke's yellow traps (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) Total 1990 Total -1994 Total 1995 Total -1999 Total 1990 Total -1994 Total 1995 Total -1999 Total 1990 Total -1994 Total 1995 Total -1999 Total 1990 Total -1999 Species 1990-1994 1995-1999 1990-1994 1995-1999 1990-1994 1995-1999 1990-1999 Species 1990-1994 1995-1999 1990-1994 1995-1999 1990-1994 1995-1999 1990-1999 Species 1990-1994 1995-1999 1990-1994 1995-1999 1990-1994 1995-1999 1990-1999 Species 1990-1994 1995-1999 1990-1994 1995-1999 1990-1994 1995-1999 1990-1999 Species 1990-1994 1995-1999 1990-1994 1995-1999 1990-1994 1995-1999 1990-1999 Species from birch stands to 41.3% of their original abundance, which could be related to the overall weed infestation of the stands. In Tisá locality, in particular, the weeds were destroyed in the early 1990s by full-area bulldozer soil preparation resulting in cleared loamy earth banks. Weed regeneration was gradual, it reached full-area coverage in the second half of the 1990s and caused the recession of specimens of this genus. The most frequent sources of feed for species of the genus Halictus are flowers of the various species of Asteraceae. Out of the 11 species of the genus Nomada the occurrence of N. leucophtalma is very interesting because in 1990-1994 its abundance was remarkably high in Tisá locality (4.99%), but it was very sporadic in spruce stands (KULA, TYRNER 2000) . The host of this parasitoid is Andrena lapponica and the fluctuation in the dominance of both species is clearly correlated. In terms of the total abundance we observed that the most abundant species of the genus Andrena was A. lapponica (1,531 ex in total) and of the genus Nomada the species N. leucophtalma (161 ex).
The Ancistrocerus nigricornis species makes their nests in tree stems in the galleries of wood-destroying insects. They prey on small larvae of butterflies, but also on lar-vae of beetles, especially of the family Chrysomelidae. They preferred Letadlo "A" locality where its status was dominant in the first half of the 1990s, but in the following period it disappeared from the stands, similarly like the willow leaf beetle (Lochmaea capreae L.) (KULA 1988 (KULA , 1994 .
Cleptes semiauratus is an important parasitoid of the sawfly Pachynematus scutellatus (Htg.) and is not a typical insect of birch stands; however it was not monitored in birch stands until the second half of the 1990s, similarly like in spruce stands, as a response to the increased abundance of sawflies.
Digger wasps make up an important part of the Aculeata fauna (17.13%) counting 64 species. In forest biotopes the prevailing species were xylophile and rubicole (98.27%) as compared to the terrestrial species (1.73%). Species of the genera Passaloecus, Trypoxylon and Rhopalum make their nests in the wood in the finished galleries of wooddestroying insects while species of the genera Crossocerus and Ectemnius complete the galleries in the wood with their mouth organs.
The spectrum of digger wasps of the genus Crossocerus in birch and spruce stands is very broad, but more of these predators were found in birch stands, which is related to the greater diversity of available feed. Similarly like the most abundant C. pusillus, the species C. annulipes and C. capitosus disappeared from the biotope, and species of the genus Ectemnius, particularly E. ruficornis and E. borealis receded. Trypoxylon minus was a sub-dominant species of birch stands (4.17%) and its abundance declined from 1990 (14.4%) to 1994 (1.7%) with slight culmination in 1996 (4.5%) and following continuous recession, accompanied by T. clavicerum. The status of the receding species of the genus Pemphredon (P. inornata, P. lugubris) confirms the general recession of digger wasps in the investigated birch stands (Table 1). The decreasing numbers of Sphecidae species are an indubitable consequence of the succession particularly of woody vegetation, increasing the degree of coverage and canopy closure of birch, thereby decreasing insolation and changing the microclimate towards lower temperatures and higher humidity. With the exception of an extreme increase in the abundance of Nysson spinosus in Tisá locality the situation in the studied period was balanced. It is interesting that its hosts of the genus Gorytes (G. laticinctus, G. quadrifasciatus) were not monitored in the area, so we cannot exclude that there are some other hitherto not determined hosts, or maybe the yellow traps are not attractive for them.
Sphecidae are an important component of the entomofauna with a wide range of feed demands; the dominant species of their feed are considered to be harmful in terms of forest management (Aphididae and other Homoptera, Diptera, Heteroptera, Lepidoptera, to a lesser extent Coleoptera).
If wasps are a typical component of the Aculeata fauna in spruce stands (KULA, TYRNER 2000) , then Vespula rufa reached high culmination values of dominance in 1993, 1995 and 1998 (i.e. 44%, 41% and 39,7%) while in the other years its dominance was very low (1-6.9%). It was most abundant in Letadlo "A" locality (29.14%) while the Tisá stand (4%) appeared to be entirely unattractive. Dolichovespula saxonica was more abundant in the warmer locality Letadlo "A" (Table 1) .
In terms of the frequency of abundance in the investigated decade 26% of the species were monitored once, 21% twice, 14% three times and we can consider only 12.7% of the species as widely spread with 9-10-year repeated incidence (KULA, TYRNER 2000) .
When we compare the periods of 1990-1994 (n 1 ) and 1995-1999 (n 2 ), the total abundance n of the studied species decreased to 72% of the original numbers (n 1 = 477, n 2 = 342) in Vlčák locality, to 55% (n 1 = 2,387, n 2 = 1,310) in Tisá locality and to 50% (n 1 = 3,336, n 2 = 1,677) in Letadlo locality.
CONCLUSION
In birch stands we captured 159 species; Andrena lappona, Vespula vulgaris and Halictus sp. were eudominant, and Trypoxylon minus and Vespula rufa were subdominant. Only 12.7% of the monitored species can be indicated as widely spread in this type of ecosystem.
The cause of recession of the majority of specimens of the Hymenoptera (Aculeata) families is the development of site conditions, reduction of disturbances, succession of the stand creating a crown canopy resulting in reduced insolation and changes in the microclimate towards lower temperatures and higher humidity, weed infestation with grass communities where Calamagrostis sp. are dominant, reduction of the abundance of some pests as sources of feed caused by the increased stability of the stands.
